Several assessment methods exist for river quality classification in the Hindu Kush-Himalayan region. While rapid field bioassessment (RFB) 1 applies on-site screening protocols, more sophisticated multi-habitat sampling (MHS) is employed to generate biotic scores using benthic macroinvertebates as bioindicators. This study presents the comparison of River Quality Classifications (RQC) according to i) 40 RFB records based on two slightly different RFB protocols and ii) 20 qualitative benthic macroinvertebrate samples used to calculate two different scores (average scores per taxon; ASPT). Sensory attributes, such as odour, colour, foam and epilithic algal cover, were used in addition to biological samples for RFB. All samples were taken at two river basins in Nepal, the Punyamata river (12 stations, stressor: organic pollution) and the Khimti river (8 stations, stressor: damming and water abstraction). RQCs revealed organic pollution to impact benthic invertebrate communities in the Punyamata river, while the impact of water abstraction and damming was not detectable in the Khimti basin based on the methods compared. Furthermore, a pollution gradient was clearly detectable based on 66 macroinvertebrate families and genera found in our samples. Our results confirm the applicability of RFB protocols and scoring systems to asses the impact of organic pollution in Nepalese rivers. Further research, however, will be required to adjust the protocols and taxon scores to assess also the impact of other stressors present in the region.
INTRODUCTION
(henceforward referred to as NEPBIOS/ASPT) based on the Average Score per Taxon (Sharma 1996) , the Hindu Kush-Himalayan Biotic Score (referred to as HKHBIOSCORE (Ofenböck et al. 2008) , the Rapid Field Bioscreening 3 (referred to as RFB Nepal; Moog 2007) , and the Hindu Kush-Himalayan Rapid Field Bioscreening (referred to as RFB HKH; Hartmann & Moog 2008) . The systems cover both rapid screening methods (RFBs) to be applied in the field and index generation based on more extensive field sampling and subsequent processing of samples in the lab (sorting, identification). All protocols were tested in two Nepalese rivers: the Punyamata river affected by organic pollution and the Khimti river impacted by damming and water abstraction for hydropower generation. In particular, we examined i) the current quality status of both rivers and ii) the suitability of different assessment methods to detect the impact of both stressors.
STUDY SITES
Sampling took place at the Punyamata and Khimti basins in Eastern Nepal (Figure 1 ) in November 2007. The location and key characteristics of sampling stations are given in Table 1 . The 16 km long Punyamata river is located 30 km east of Kathmandu and covers an altitude gradient of ca. 600 m (average slope: 4%) before the river confluences with the Roshi river at 1,370 m a.s.l. The Punyamata river is predominantly impacted by organic pollution due to the insufficient treatment of organic wastes (Sharma & Moog 2005) , and in addition by water abstraction, which takes place upstream the confluence with the Roshi river to feed a 2.4 MW hydropower plant. Field sampling at the Punyamata was conducted at 11 sites (see Figure 1 ) that corresponded with those sampled by Sharma (1999) . Hence, we were able to compare our results with the previous study and to track changes in the system between 1999 and 2007. The Khimti river is located about 100 km east of Kathmandu and covers an altitude gradient of 3,400 m (slope: 10-20%) before its confluence with the Tamakoshi river at 600 m a.s.l. Hydropower generation (water abstraction) is considered to be the major stressor in the Khimti river. A 60 MW plant was built in 2004 (HPL 2001) and contributes 25% to the country's total installed hydropower capacity. A dam redirects 90% of the river water to the facility, so residual flow is limited to 10% of the total discharged water. Altogether eight sites were investigated at the Khimti river (see Figure 1) , while six sites below the abstraction point were consistent with those already sampled by Sharma in 2005 (Subodh Sharma, pers. communication) .
METHODOLOGY

Field sampling
Riverine benthic macroinvertebrates were sampled using three different sampling protocols at each station: two different Rapid Field Bioscreening methods (RFB Nepal according to Moog 2007 and RFB HKH according to a draft version of Hartmann & Moog 2008) , and a qualitative Multi-Habitat Sampling (MHS; Sharma 1996; Moog 2007) to determine the NEPBIOS/ASPT and HKHBIOSCORE. For RFB, all substrata occurring within a 100 m river stretch were sampled using a hand-net (250 µm mesh size). Macroinvertebrate species were life-sorted, identified to family level in the field and recorded in both RFB protocols. Where determination was not possible in the field, several specimens of a species were preserved in ethanol (70%) and transferred to the lab for proper identification. A selection of water quality-related criteria was recorded in parallel (e.g., turbidity, water colour, odour, benthic algal coverage and composition on mineral substrata, suspended solids, waste, and anaerobic processes) by visual and olfactory inspection of the river bottom. Each criterion and macroinvertebrate family present in the river stretch was scored according to Hartmann & Moog (2008) , summed up and converted into a River Quality Class (RQC) ranging from I (high) to V (bad quality) (see Table 2 for classification and class boundaries). The original RFB Nepal applies the NEPBIOS/ASPT (Sharma 1996) , while the modified RFB HKH applies the HKHBIOSCORE of Ofenböck et al. (2008) . Both RFB protocols and further details on the procedure are provided by Hartmann & Moog (2008) . The original RFB protocol primarily addresses the impact of organic pollution in Nepal, whereas the modified version was developed to include other stressors and their impacts, respectively, in particular the effects of water abstraction that aimed at rendering the protocol applicable to a broader field of waterrelated anthropogenic stressors in the Hindu Kush-Himalayan region. Similar to the RFB protocols, Multi-Habitat Sampling (MHS) covers all available habitats (bottom substrata) in a river stretch applying a qualitative technique. However, in contrast to RFBs, MHS aims at producing a representative sample of the respective stretch that can be further used for index calculations including reliable abundance measures. MHS was applied in our study according to the protocol by Moog (2007) , yet due to the low heterogeneity of substrata in the Punyamata and Khimti rivers, we decided to reduce the sampling effort and sampled only 10 units per site, each unit of which represented a substrate share of 10% of the river bottom.
A hand-net (250 µm mesh) was placed at each sampling unit and benthic invertebrates in that unit were detached from the substrate by kicking or otherwise disturbing the area in front of the net so that the detached animals were flushed into the hand-net. All animals were preserved in the field (70% ethanol) and transferred to the lab for proper identification to the lowest possible level. In addition to biological samples, several physico-chemical parameters were determined for each site (Table 1) . Water temperature, pH (using OXFAM Delagua Water Testing Kits), and conductivity (using a WTW LF 197 sensor) were measured in the field. Water samples were further analysed in the lab for nitrate and phosphate contents using HachKits NI-14 for nitrate and PO-19 for phosphate (Hach Company, Loveland CO, USA).
Determination of River Quality Classes (RQC)
The RQCs based on the RFB Nepal and RFB HKH protocols are determined by scores of benthic macroinvertebrate taxa encountered at a test site and additional biotic (e.g., algal mats) and sensory features (e.g., foam, smell, colour) (see Sharma 1996 and Hartmann & for a detailed description). Compared to the RFB Nepal, the modified RFB HKH version covers more benthic invertebrate taxa identifiable in the field (Ofenböck et al. 2008) . Each taxon and additional feature is then transferred into RFB scores ranging from 0 to 3. Score 1 is assigned to '-' (absence) and '+' (presence) of features in the protocol, score 2 to '++', any verbal description and % values in the protocol, and score 3 to '+++'; empty cells are scored '0'. The column with the highest column total finally indicates the RQC (see Hartmann & Moog 2008) . The NEPBIOS/ASPT was calculated according to Sharma (1996) . Altogether 82 benthic macroinvertebrate taxa are listed in the original NEPBIOS table and are scored a discrete value ranging from 1 (tolerant) to 10 (sensitive). The sum of scores of all taxa encountered at a site is then divided by the number of taxa to gain the average score per taxon (ASPT, compare Armitage et al. 1983 ). The HKHBIOSCORE was calculated similar to the procedure described for the NEPBIOS/ASPT, however, based on an extended list of altogether 199 benthic macroinvertebrate taxa including taxon abundance and a weighing factor that accounted for the specific sensitivity of certain taxa (for taxa scores and weighing factors see Ofenböck et al. 2008) . The class boundaries to convert both the NEPBIOS/ASPT and the HKHBIOSCORE into RQCs are given in Table 2 . Detrended Correspondence Analysis was applied to the taxalists in order to seek after community characteristics and taxonomic gradients in the samples of both river basins. All ordination was done using CANOCO 4.5 (ter Braak & Smilauer 2002 .
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RESULTS AND DISCUSSION
River Quality Assessment River Quality Assessment was based on altogether 66 taxa that were encountered in both river basins based on 40 RFBs (20 each per RFB protocol) and 20 qualitative MHS samples in both river basins (see Annex 1 for the taxalist). Thirty-six taxa were encountered at the Punyamata basin (54.5%) and 45 at the Khimti basin (68.1%); 21 taxa (31.8%) were recorded exclusively at the Punyamata and 30 taxa (45.5%) at the Khimti, respectively, while 15 taxa were common in both basins (22.7%). The insect family Ephemeroptera was represented by most genera (14 and 10, respectively, in the Punyamata and Khimti basin), while the most frequent taxa were Chironomidae (25 out of 40 samples), Hydropsyche spec. (21), Acentrella spec. (21) and Simuliidae (16). Sharma (1996) . S10  III  III  III  III   S11T  II  III  III  III   S2T  III  III  IV  IV   S1  V  V  V  IV   S4  IV  IV  V  III   S3  IV  IV  IV  IV   S3T  III  III  III  III   S5T  II  II  I  II   S6  III  III  III  III   S9  III  III  III  III   S8T  II  III  II  II   S13  II  II  I  III   RF2  II  II  I  I   RF1T  II  I  II  II   D1  II  II  II  II   D2  II  II  II  II   D3  I  II  II  II   D4  II  II  II  I   RC1  II  II  III  III   RC2  II  II  I  I Journal of Wetlands Ecology, (2010) Vol. 4, pp 112-127 ISSN: 2091-0363, Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal at www.wetlandfriends.co.cc River Quality Classes (RQCs) were determined for all samples based on the RFB protocols, the NEPBIOS/ASPT and the HKHBIOSCORE applying the class boundaries given in Table 2 . The complete overview of RQCs is given in Table 3 . In general, RQCs were higher (worse) in the Punyamata basin and worst at the stations in Dhulikhel (sample S1; RQC: IV-V), close to the Panauti Milk Corporation in Panauti (S3 downstream and S4 upstream of the Corporation; RQC: III-V), and below Curex Pharmaceuticals in Banepa (S2T; RQC: III-IV). In contrast, RQCs were much higher in the Khimti basin; they ranged I-II at all stations except for one station at the confluence with Khahare river downstream from Gogantar (RC1), where the NEPBIOS/ASPT and HKHBIOSCORE were equivalent to RQC III. The impact of water abstraction and desilting/silt release at the "degraded" stations D1-D4 was not detectable employing the tested indices. Ordination (DCA) was applied to the presence/absence matrix of 66 taxa by 20 stations; the analysis revealed two important results: First, the benthic macroinvertebrate communities encountered at both river basins were different from one another (see DCA biplot in Figure 2 ). Not only were more taxa recorded at the Khimti basin, but all Khimti samples form a relatively homogeneous group in the ordination plot ( Figure 2 , left plot). In contrast, the Punyamata samples form a rather heterogeneous and elongated group along the second axis of the ordination plot. Furthermore, the samples of both basins show no group overlap, which indicates considerable faunistic differences in their communities (see below). And second, the elongated ordering of Punyamata samples along axis 2 of the biplot is likely to reveal a stressor gradient, which corresponds with the RQCs determined for the Punyamata (compare Table 3 ). For instance, the RQCs at the stations S1, S3 and S4 ranged IV-V and these stations too order close to each other at the negative end of the second axis of the biplot, while the least polluted stations S5T, S8T and S13 order at the positive end of the axis. In contrast, the rather homogeneous group of (unpolluted) Khimti samples too reveals a lack of a pollution gradient, but also a lack of any other gradient. Hence, pollution does not seem to be a stressor at the surveyed part of the Khimti basin. The DCA species plot (Figure 2 , right plot) reveals both faunistic differences along the pollution gradient at the Punyamata and between the two river basins. For example, the taxa Tubificidae (Oligochaeta), Caenis spec (Ephemeroptera), Corixidae (Heteroptera), Culicidae and Chironomidae (both Diptera) ordered close to the polluted samples below in the plot, while Salifidae (Hirudinea) Ephemerella spec. (Ephemeroptera), Corydalidae (Megaloptera) and Hydropsyche spec. (Trichoptera) were located at the positive end above. The orientation at both ends of a pollution gradient reveals their potential as indicators of organic pollution. Taxa frequently and exclusively found at the Punyamata were Salifidae, Tubificidae and Caenis spec., while Baetiella spec., Heptageniidae (both Ephemeroptera), Gomphidae (Odonata), Perlidae (Plecoptera), Stenopsyche spec. (Trichoptera), and Gyrinidae (Coleoptera) were frequent and exclusive at the Khimti basin (Figure 2 , right plot). Table 3 already reveals slight differences in RQCs according to the different indices, which are further illustrated in Figure 3 . The bar plots show the deviation from RQCs on the basis of both RFB protocols and the HKHBIOSCORE from those gained with the NEPBIOS/ASPT, the latter of which was used as benchmark to calculate the deviations. For both RFB protocols, RQCs of nine stations (45%) deviated from the NEPBIOS/ASPT, while all deviations were at a magnitude of one class only. There was no trend of deviations detectable; about half of the RFB Journal of Wetlands Ecology, (2010) Vol. 4, pp 112-127 ISSN: 2091-0363, Open access at www.nepjol.info/index.php/jowe Wetland Friends of Nepal at www.wetlandfriends.co.cc results were one class higher and the other half one class lower than the NEPBIOS/ASPT. In contrast, only five RQCs according to the HKHBIOSCORE deviated from the benchmark, but in two cases, the deviation spanned two classes (stations S4 and S13), while again, there was no general trend obvious. From the comparison of RQCs, in particular of the stations S1/S3/S4 and S5T/S8T, we infer that the NEPBIOS/ASPT (Sharma 1996) fits best to the gradient revealed for the Punyamata samples (compare stations in Table 3 and Figure 3 ).
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Figure 2: DCA biplot of 20 RFB samples (left) taken at river Punyamata ( ) and Khimti ( ), and species (right) encountered in the samples (analysis based on presence/absence). For sample codes, see Table 1, S11  S2T  S1  S4  S3  S3T  S5T  S6  S9  S8T  S13  RF2  RF1  D1  D2  D3  D4  RC1 Table 1 and the location of sites is given in Figure 1 .
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Discussion
All protocols tested in our study performed relatively similar in the detection of organic pollution (Punyamata basin), while their sensitivity to water abstraction in the Khimti basin was comparatively weak. This can be inferred from the RQCs (Table 3) and might be explained with the taxonomic structure revealed by Figure 2 . The location of tolerant taxa (e.g., Tubificidae, Corixidae and Culicidae) at the 'polluted' end of the gradient and of sensitive taxa (e.g., Ephemerella spec, Hydropsyche spec.) at the opposite end, shows their potential to indicate pollution. This is in line with the HKHBIOSCORE allocated to the taxa (Ofenböck et al. 2008) . In contrast, no taxon seems to reflect the rather hydro(morpho)logical gradient or the impact of frequent silt releases below the desilting basins in the Khimti basin. This finding might be explained with the limited capacity of family-based indices to detect the impact of multiple environmental stressors. All protocols tested here follow a scoring approach similar to the NEPBIOS/ASPT (Sharma 1996) and constitute an index that is based on the mean value of individual sensitivity/tolerance scores allocated to macroinvertebrate families. The index has been adopted from the original BMWP/ASPT (Armitage et al. 1983) , which forms a central part of the RIVPACS assessment system applied in the United Kingdom (Wright et al. 1989) . And in both the original BMWP/ASPT and the NEPBIOS/ASPT, scores are allocated to macroinvertebrate families according to their sensitivity or tolerance, respectively, towards organic pollution. Hence, the criterion used for scoring taxa determines the stressor detectable. Consequently, the application of ASPTs and analogous indices (e.g., the HKHBIOSCORE) requires the adjustment of family scores to the individual targeted stressor. Ofenböck et al. (2008) significantly extended the original NEPBIOS taxalist by Sharma (1996) and revised or added the scores of altogether 199 taxa, but, according to our results, the HKHBIOSCORE seems to continue to be indicative of pollution rather than of damming and water abstraction. However, we need to stress that we cannot reliably exclude other reasons for the weak performance of the HKHBIOSCORE to detect hydrological stress such as, for instance, the sampling method applied or the lack of a stressor gradient covered by the selection of sites. Neither can we clarify, whether our samples at the Khimti basin covered a sufficiently strong stressor gradient to show measurable biological effects. Further clarification does require more data from hydromorphologically impacted, but unpolluted rivers, which eventually might also help refine the scoring system and render it applicable to a variety of stressors occurring in the Hindu Kush-Himalayan region. The comparison of taxalists showed that both the total number of taxa recorded and the number of taxa exclusively recorded were much higher at the Khimti basin. In particular, pollution sensitive taxa were exclusively found at the Khimti basin, such as Heptageniidae, Gomphidae and Perlidae. We infer that, although partly and temporally affected by hydrological stress and fine sediment releases, the better water quality at the Khimti river does lead to a more diverse colonisation with benthic macroinvertebrates. The results confirm the role of (organic) pollution as a dominating stressor or master factor affecting benthic invertebrate richness. According to the RFBs, organic pollution was worst at the stations in Dhulikhel and near Banepa and Panauti (S1, S3 and S4, see Figure 1 ). It is likely that the pollution originates (at least partly) from various water uses close to these stations. For instance, pollution from unpurified discharge of domestic waste water is likely to cause pollution at S1 in Dhulikhel (RQC IV-V), and at stations S3 and S4 further downstream. The Panauti Milk Corporation might additionally affect station S3 below the company (RQC IV), but station S4 upstream of the Milk Corporation is already polluted (RQC III-V) so the worse river quality cannot be linked to the company. Unfortunately, we were not able to determine oxygen contents and BOD 5 at our sites to support the assumptions. Measures such as total oxygen contents or biological oxygen demand might have shown the linkage of RQCs, pollution and oxygen depletion (Hartmann & Moog 2008) , the latter of which is considered a master factor controlling the benthic macroinvertebrate community. However, compared to the results reported by Sharma (1999) based on the NEPBIOS/ASPT, the river quality at the stations near Banepa, Panauti and also below Curex Pharmaceuticals at station S2T, further decreased from RQC III to IV. This reveals a clear deterioration compared to the conditions in 1999, as Sharma's results were based on pre-monsoon data, while our data analysed in this study were gathered post-monsoon. Post-monsoon (wet season) samples, however, generally lead to higher RQCs compared to pre-monsoon (dry season) samples.
CONCLUSION
The impact of organic pollution on Nepal's rivers can be detected using the protocols tested in our study. However, the direct comparison of RQCs shows that both RFB protocols yielded very similar results that were also similar to the RQCs according to the NEPBIOS/ASPT. Furthermore, the latter best reflected the pollution gradient discovered for the Punyamata river. We, therefore, recommend using the NEPBIOS/ASPT scores to assess the impact of organic pollution using benthic macroinvertebrates. The application of the RFB protocols to assess the water quality of rivers impaired by organic pollution is quick, cheap and provides reliable results. The accurate application in the field, however, requires some training to reduce the researcher-based bias. , Although more time consuming, the application of the NEPBIOS/ASPT protocol is comparatively simple and only requires the user to be able to identify macroinvertebrates at the family level, which we believe can be easily achieved, for several good determination keys have already been developed for macroinvertebrates in Napeal. Further research will be necessary to test the applicability of all methods to detect other stressors, such as damming, water abstraction and siltation. In particular, extensive sampling of hydromorphologically altered river systems will help adjust the biotic scores of the NEPBIOS/ASPT and HKHBIOSCORE and render both indices also applicable to indicate hydrological and morphological impacts.
